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The forefoot contains the transverse arch of the foot formed by the metatarsal heads.  
This arch helps in load transmission and shock absorption to allow forward propulsion. It 
centers the loads on the second metatarsal and foot pathologies occur when loads are  
distributed unevenly. Hallux valgus (HV), which is the lateral shift of the hallux and the 
medial shift of the first metatarsal, is the most common deformity in the forefoot. It  
affects quality of life and it is accompanied by forefoot pain. Forefoot pain is not fully  
understood and is affected by several stimuli; therefore, a detailed and accurate  
examination of the forefoot biomechanics is advised.  We hypothesized that the feet with
 HV and those with pain have higher arches and more force on the 1MTH, and that  
there is a relation to the structure between HV and pain.  
We recruited 68 women, who consented on participating in this study, during a healthcare
 event and their right and left feet were assessed. Exclusion criteria were past surgeries  
in the limbs, injuries in the limb in the last year, dependence, inability to complete the  
tests alone and feet with pain but without HV, keeping 105 feet to be analyzed in this  
study. Pain in the forefoot was self-reported using a questionnaire and hallux valgus angle
 (HVA) was measured using a finger goniometer in weight-bearing. These feet were then
 divided into two main groups: 1) normal feet (NORM) and 2) HV feet (HVG); and  
further two subgroups: 1) HV without forefoot pain (HV Pain(-)) and 2) HV with  
forefoot pain (HV Pain(+)). We compared these two sets of groups by testing 1) the  
transverse arch structure (transverse arch height (TAH), sesamoid rotation angle (SRA),  
heights of the metatarsal heads (MTH)), by using a weight-bearing ultrasound, and also 2)
 the force underneath each MTH, by using precise force sensors. We further tested  
whether these parameters were related to HVA or with forefoot pain. The weight-bearing 
ultrasound permits to have a coronal view of each MTH and the sesamoids. The precise 
force sensors permit to measure force under each MTH separately as these sensors are  
stuck to direct skin after palpation. The measurements were done in three position: sitting,
 quiet standing and 90% weight shift (90%WS) on the tested foot (simulation of terminal
 stance phase).  
In HVG compared to NORM, our main results were significantly higher TAH in all  
positions; significantly higher SRA in sitting, significantly lower medial sesamoid (MS)  
height in all positions and significantly higher lateral sesamoid (LS) height in 90%WS  
position. Meanwhile, in HV Pain(+) compared to HV Pain(-), only LS height was  
significantly higher in 90%WS. Force under the MTH were trends of higher forces on  
  
the medial aspect of the forefoot HVG and HV Pain(+) in standing and 90%WS. Further
more, TAH, MS height and force under 4MTH were associated with HVA; while, LS  
height and force under 5MTH were associated with pain.  
In HV, the TAH and SRA are increased due to the rotation of the sesamoids. LS enters 
2MTH’s space causing it to elevate because of lack of space. This latter event may be  
the cause of forefoot pain in HV Pain(+), where LS height is increased. As for the force,
 its tendency to be higher on the medial aspect of the foot, and lower on the lateral  
aspect of the foot may be caused by the lack of the 1st ray to transmit forces to the  
lesser toes, as in normal dynamics. The forces are repeatedly focused on the medial side,
 causing pain on the long term.  
From this study we understand the importance of assessing the structure of the transverse
 arch, which is related to HVA and forefoot pain in HV. Future studies may assess the  
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